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Abstract: An arom gene was cloned from genomic DNA of Scleortinia sclerotiorum by inverse PCR. The evolutionary relationships of S. 
sclerotiorum and other fungi in arom gene were studied. Results showed that the arom gene from of S. sclerotiorum has a single open read¬ 
ing frame of 4 773 bp and does not include any introns. The derived amino acid sequence consists of 1 590 residues, and it is homologous to 
all fungal AROM proteins studied so far. The theoretical isoelectric point (pi) and molecular weight (Mw) is 6.5 and 172.66 kD, respectively. 

GC percentage of the arom gene is 44.94. According to the results of searching from CDD and Prosite database, AROM protein of 5. scle¬ 
rotiorum contains five conserve domains: 3-dehydroquinate synthase domain, 3-dehydroquinate dehydratase (3-dehydroquinase) domain, 
shikimate 5-dehydrogenase domain, shikimate kinase domain, and -enolpyruvylshikimate-3-phosphate synthase (EPSP sythase) domain, and 
four motifs: two EPSP synthase signatures, dehydroquinase class 1 active site, shikimate kinase signature. According to the PIR Site Rule 
PIRSR000514-1, four functionally important amino acid residues are found by alignment. Putative TATA box and CAAT box locate sepa¬ 
rately in -23 and -77 loci in 5' un-translated region, and two loci found in downstream arom gene are likely polyadenylation signals. In addi¬ 
tion, phylogeny of arom gene is analyzed. 
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et al. 1993, Charles et al. 1986. Duncan et al. 1987). Therefore, it 
Introduction is possible to study on the phylogeny using the constitutive gene. 

This paper describes the cloning and characterization of the arom 
Sclerotinia sclerotiorum is a phytopathogenic fungus, which g ene from S. sclerotiorum. 
can infect about 450 kinds of plants including many crops and 

leading to serious economic loss to agriculture production. The Materials and methods 

study on the fungus mainly focused on the control of sclerotinia 

diseases, the infection mechanisms, and its applications as a Materials 

bio-herbicide and a source of polysaccharide. AROM is a penta- Escherichia coli DH5a and S. sclerotiorum were preserved in 

functional protein which catalyzes five consecutive steps of aro- microbiology laboratory of Life Science and Engineering De- 

matic amino acid biosynthetic pathway in fungi. Since the path- partment in Harbin Institute of Technology. Ex Taq and 

way is absent in mammal, the corresponding enzymes become pMD18-T were from Takara Biotechnology (Dalian) Co., Ltd., 

the interesting targets to control the bacterial and fungal patho- T4 DNA ligase was from Promega Biosciences, Inc.. Degenerate 

gens. In contrast to fungi, these metabolic steps in bacteria are and specific primers used in PCR were synthesized by Shanghai 

catalyzed by monofunctional enzymes and the encoding genes Sangon Biological Engineering Technology and Service CO., 

locate separately in genome. Three separate peptides and one LTD. and SBS Genetech Co., Ltd. DNA Gel Extraction Kit was 

bifunctional protein containing the 3-dehydroquinate (DHQ) from V-gene Biotechnology Limited. DIG Random Labeling and 

dehydratase and 5-dehydroshikimate (DHS) dehydrogenase ac- Detection Kit II (AP) were from Wuhan Boster Biological Tech- 

tivities exist in plants. The fungal arom locus is thought to have nology Ltd.. GeneRuler™ lkb DNA Ladder was from Fermentas 

arisen through gene fusion because the protein is homologous International Inc. 

with the five monofunctional bacterial enzymes and is made up 
of functional domains which fold independently or DNA extraction 

semi-independently (Banerji et al. 1993). Usually there is no S. sclerotiorum was cultured in PD medium for DNA extrac- 

intron or just a short one at the 3' -terminal in the arom gene. tion (Sambrook and Russell 2002). 

Originally arom gene was considered to be a possible operon in 

eukaryotes similar to that in prokaryotes. However it has been Amplification and cloning of an arom gene fragment 
confirmed to encode a peptide (Giles etal 1967). Another reason An arom gene fragment was cloned by a pair of degenerate 

that it is studied nowadays is that its 5-enolpyruvylshikimate primers. The primers were designed according to the alignment 

3-phosphate synthase (EPSP synthase) domain is the target of result of the known AROM protein sequences from Neurospora 

environment friendly herbicide glyphosate (McDowell et al. crassa, Emericella nidulans , Aspergillus fumigatus and Than- 

1996). The arom genes of Aspergillus nidulans, Saccharomyces atephorus cucumeris by ClustalW. The sense primer was 5' GCT 

cerevisiae, Pneumocystis carinii, etc. have been cloned (Banerji TCY CGT TTC CTY ACY ACY GTR 3' and the antisense 

_ primer was 5' HC GCY MGY TTC CTI CGT RYY ATY 3'. 

Biography: YANG Qian (1959- ), male, Ph. D„ Professor of Harbin Institute PCR was performed at 94 C for 30 S, at 40 C for 30 S and 72 C 

of Technology. Harbin 150001. P. R. China. E-mail: vangq@hit.edu.cn for 2 min for 4 cycles, then at 94°C for 30 s, at 60°C for 30 s and 

Received date: 2005-06-18 72°C for 2 min for 31 cycles with Ex Taq tM enzyme. The PCR 

SSbte^litor 05 SoIg 2 Funan P roduct was P urifled b y 8 cl extraction kit, and then linked to the 
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pMD18-T vector. Ligation solution consisted of: insert DNA 3 
pL, vector 1 pL, R>0 4.7 pL, lOx ligase buffer 1 pL. T4 DNA 
ligase 0.3 pL. The constructed recombination plasmid was se¬ 
quencedfor the preparation of the Southern blot probe Ta and the 
design of specific primers used in inverse PCR. 

Southern analysis of the arom gene 

The probe Ta was labeled and Southern blotting was per¬ 
formed on S. sclerotiorum genomic digested DNA following the 
introduction of DIG Random Labeling and Detection Kit II 
(AP). 

Isolation and preparation of template DNA 

S. sclerotiorum genomic DNA were digested by the selected 
restriction enzymes Sph I, A cell , A fa I, Sph I, Taq I, Xba I, 
Xho I , HgiC I , EcoT 14 I , Bg/ll , and Hae III for 20 h. S. scle¬ 
rotiorum DNA digested by Sph I and HgiC I were collected 
according to the size of hybridization bands, and ligated by T4 
DNA ligase. 

Amplification of 3'- and 5'-sequence of arom fragments by in¬ 
verse PCR 

3'-teriminal sequence of the arom gene was cloned from S. 
sclerotiorum by inverse PCR. The 3'-terminal fragment was am¬ 
plified with PI and P2 following the introduction of Ex Taq™ in 
the presence of the regathered DNA intro-molecular ligation 
product (5 pL). PCR reaction cycle consisted of: 94 °C 30 s, 
anneal 30 s, 72 °C 6 min, 12 cycles (The anneal temperature of 
the first cycle was 57 °C, then lowered 0.5°C per cycle), and then 
94 °C 30 s, 51 °C 30 s, 72°C 6 min, 28 cycles. However, two 
inverse PCR were done separately with the nested primers PI, P3 
and P2, P4 in the touchdown condition in order to attain 
5'-terminal sequence of the arom gene from S. sclerotiorum. The 
first PCR reaction cycle consisted of: 94 °C 30 s, anneal 30 s, 
72 °C 4 min, 16 cycles (The anneal temperature of the first cycle 
was 57 °C, then lowered 0.5 °C per cycle), and then 94 °C 30 s, 
49°C 30 s, 72°C 4 min, 19 cycles. The fragment was amplified 
with the primer pairs PI and P3 in the presence of 1 pL HgiC I 
digested genomic DNA intro-molecular ligation product. The 
second PCR reaction cycle consisted of: 94 °C 30 s, anneal 30 s, 
72 °C 4 min, 12 cycles (The anneal temperature of the first cycle 
was 57 °C, then lowered 0.5 °C per cycle) and 94 °C 30 s, 51 °C 
30 s, 72 °C 4 min, 23 cycles. The amplification was carried out in 
the presence of the first diluted PCR product (1 pL) with P2 and 
P4. 

PI: 5' GTCAAGAAAGCATCCGTC 3'; 

P2: 5' CGAATGTGTTGGGAAGAC 3'; 

P3: 5' CAAAGCAATGAAGGATGA 3'; 

P4: 5' ATACGGTGGCTGCTAAAT 3'. 

The primers used to identify the presence of the fragment of 
arom gene were separately P3, P5 and P6, P7. 

P5: 5' GGAATGACTTGGAGAGGA 3'; 

P6: 5' GCTCAGCGACTTATCCAC 3'; 

P7: 5' CAAACACATGCTTCTCTG 3'. 

DNA sequencing 

DNA sequencing was performed by Shanghai Sangon Bio¬ 
logical Engineering Technology and Service Co., Ltd. and 


Shanghai Boya Biological Technology Co., Ltd. 

Results 

Cloning of the arom gene from S. sclerotiorum 
A fragment (1 626 bp) containing shikimate kinase domain 
and partial EPSPs domain was obtained from S. sclerotiorum 
genomic DNA with the degenerate primers and was linked to the 
pMD18-T vector (Fig. 1). Southern blot proved that it originated 
from the fungus (Fig. 2) and showed the fragments possibly in¬ 
cluded the arom gene segment were about 6 000 bp, 4 500 bp and 
2 700 bp in length in the Sph I digested genomic DNA. Subse¬ 
quently, the DNA fragments with sizes between 6 000 and 8 000 
bp, 4 000 and 5 000 bp as well as 2 500 and 3 000 bp were ex¬ 
cised from the agarose gel and used for the intro-molecular liga¬ 
tion. The intro-molecular ligation product served as the template 
of inverse PCR and the 3'-terminal sequence of the arom gene 
from S. scleortiorum was obtained (Fig. 3). Another digestion by 
HgiC I , Bgl II and EcoTIA I were prepared for Southern blot 
and the hybridization bands about 4 000 bp, 7 000 bp and 2 000 
bp in size were shown (Fig. 2). The 5'-terminal sequence of the 
arom gene from S. scleortiorum was cloned with the complete 
HgiC I digested genomic DNA as the template (Fig. 3). The 
arom gene from S. scleortiorum has been submitted to GenBank 
and the accession number is AY746008. 


A B 

Fig. 1 A: Amplification of a fragment of the arom gene by PCR. 

1 . DNA marker: 2. PCR fragment. B: Analysis of recombined plasmid by 
digestion. 1. DNA marker; 2, 3,4. Digestion fragments. 


12 3 4 



A B 

Fig. 2 A: Genomic southern blot analysis I of Scleortinia sclerotiorum. 1. 
Marker with itself as probe; 2. Genomic DNA/ Sph I with the cloned 
fragment of arom gene as probe. B: Genomic southern blot analysis Hof 
Scleortinia sclerotiorum. 1. Marker with itself as probe; 2. Genomic 
DNA/ HgiC \ ; 3. Genomic DNA/ BglW ; 4. Genomic DNA/£bo714 I 
(2.3,4 with the cloned fragment of the arom gene as probe). 
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Fig. 3 A: Amplification of 3'-terminal sequence of arom gene by PCR. 1. 

DNA marker; 2. PCR fragment using 6000 to 8000bp of DNA as the 
template; 3. PCR fragment using 4000 to 5000bp of DNA as the template; 
4. PCR fragment using 2500 to 3000bp of DNA as the template. 

Fig. 3B: Amplification of 5'-terminal sequence of arom gene by PCR. 

1. DNA marker; 2. Nested PCR fragment using the first PCR product 
diluted 10 times as the template; 3. Nested PCR fragment using the first 
PCR product diluted 10 2 times as the template; 4. Nested PCR fragment 
using the first PCR product diluted 10 1 times as the template; 5. Nested 
PCR fragment using the first PCR product diluted 10 J times as the tem¬ 
plate. 

Sequence analysis of S. sclewtiorum arom gene and AROM 
protein 

The arom gene of S. sclerotiorum is homologous to those of 
Saccharomyces cerevisiae (X06077) and Aspergillus nidu- 
Zms(X05204). G4-C percentage of the arom gene is 44.94%. 
There is a single open reading frame of 4 773 bp determined by 
ORF Finder and analogy. The derived amino acid sequence from 
the ORF consists of 1 590 residues and is 76% homologous to 
the AROM protein of Aspergillus fumigatus (CAD29607), 65% 
to Pneumocystis carinii (Q12659), etc. Although the BLASTX 
alignment shows that several amino acids at the C-terminal of 
stop codon are matched to the known AROM protein, there is no 
GT-AG or lariat forming motif downstream of the putative ORF 
and two other stop codons just behind the opal codon are found 
in the same ORF. Estimated molecular weight of the putative 
AROM protein is 172.66 kD and pi is 6.45. The possible pro¬ 
moter factor such as TATA box, CAAT box, and GCN4 binding 
site are found at proper nucleotide position (TATA box at nucleo¬ 
tide position -23, CAAT box at -77, GCN4 binding site at -173). 
However, two possible polyadenylation signal motifs are found 
at 3'-untranslated region and can not been determined, of them 
one is correct up to date. They are shown in Fig.4 with initiator, 
initiation codon, and stop codon (Opal codon). 

The locations of the domains in the S. sclerotiorum protein, 
corresponding to the five enzyme activities, are determined by 
searching CDD database (Marchler-Bauer etal. 2003). The order 
of the functional domains from the N- to the C-terminus are 
DHA synthase (30-393), EPSPS (405-835), shikimate kinase 
(864-1035), DHQ dehydratase (1052-1279), and shikimate de¬ 
hydrogenase (1308-1557) (Fig. 4). Throughout the S. scle¬ 
rotiorum AROM protein there are four important amino acid 
motifs which are conserved in equivalent enzymes across fungal, 
bacterial, and plant species: EPSP synthase signature 1, Ly- 


iGNAGTAsRfLtT (486-500); EPSP synthase signature 2, 
RvKECNRIkAMkdeLakFG (748-766); Shikimate kinase signa¬ 
ture. RaaEldlLkhcItdqpekh. VFAcGGGvV (919-946); Dehy- 
droquinase class I active site, DLEIafpdellqevteakgfsr. Ila SHHD 
(115 2-1180) (Fig. 4). Four functionally important amino acid 
residues (KI55, K253, R267, H290) in S. sclerotiorum AROM 
protein are determined by the alignment and PIR Site Rule 
PIRSR000514-1 (K152, K250, R264, H287) (Fig. 4). In addition, 
phylogenetic analyses of several fungi are performed based on 
distances from AROM protein sequences (Fig. 5). 

Discussion and conclusion 

AROM is a key enzyme in biosynthetic pathway of aromatic 
amino acid in fungi, which provides an economical means of 
simultaneously synthesizing five shikimate pathway enzymes. In 
this study, the arom gene of S. sclerotiorum was cloned by in¬ 
verse PCR. It is known that AROM protein encoded by arom 
gene locates in cytoplasm and there is no signal peptide. Mini¬ 
mum, maximum and average length of the pentafunctional 
AROM protein known are 1 563, 1 618 and 1 585 amino acids, 
respectively. AROM protein contains two EPSP synthase signa¬ 
tures. The first pattern (486-500) corresponds to a region that is 
a part of the active site and which is also important for the resis¬ 
tance to glyphosate. The second pattern (919-946) is located in 
the C-terminal part of EPSP synthase and contains a conserved 
lysine which seems to be important for the activity of the enzyme 
(Padgette et al. 1991). Two classes of dehydroquinases exist, 
known as types 1 and II. The 3-dehydroquinate dehydratase do¬ 
main of AROM protein has the dehydroquinase class I active site 
signature. The amino acid H in the signature is the active site 
residue (Deka et al. 1992). There is one shikimate kinase signa¬ 
ture in AROM protein sequence. The motif is a glycine-rich re¬ 
gion, which typically forms a flexible loop between a beta-strand 
and an alpha-helix. This loop interacts with one of the phosphate 
groups of the nucleotide and forms the ATP/GTP-binding site 
motif A (P-loop) (Walker etal. 1982; Saraste etal. 1990). 

The result of genomic Southern blot analysis II of S. scle¬ 
rotiorum indicated that probably only one copy of the arom gene 
exists in S. sclerotiorum. How many copies of the arom gene in 
S. sclerotiorum could not be determined by the result of genomic 
southern blot analysis I although it showed three bands in each 
lane. The reason is that: the inverse PCR fragments about 4 000 
bp and 3 000 bp in size (lane 3 and lane 4 in Fig.3 A) were not 
sequenced; the hybridization bands about 4 000 bp and 3 000 bp 
in size perhaps were not the segments of arom gene from S. scle¬ 
rotiorum, but were resulted from unspecific hybridization, in¬ 
complete Sph I digestion or mechanical split of S. sclerotiorum 
genomic DNA. 

The arom gene locus of S. sclerotiorum seemed to possess a 
GCN4 binding site. The optimum sequence for this motif, usu¬ 
ally located at upstream (100-600 bp) of the transcriptional start 
site, is the palindrome ATGA(C/G)TCAT. but the sequence 
(TTGAGTCAC) found upstream of the arom locus of S. scle¬ 
rotiorum shows a conservation of the essential bases. The bind¬ 
ing of GCN4 to its target sites mediates the “general amino acid 
control” mechanism of S. cerevisiae in which starvation for a 
particular amino acid can lead to the up-regulation of expression 
of more than 30 genes involved in amino acid biosynthesis (Fink 
1986). The AROl (AROM encoding) locus of S. cerevisiae has 
been shown to be under general amino acid control (Duncan et al. 
1988). 




YANG Qian et al. 


263 


,co ,ra H ;H :«J H H iH I*-' ;M ^ Jo fH Jra Jro MV WH 
■ui'ci m>!m>!oo : v-J jo_i{o_iJbc;>iMOiro —i+-»</3ico—joojM h q re to 


iro jo jw |(0 


zO :bD 


bP 


voobo ibo i mo ibo ih [o l« Ira iui Ira lo fn Ira lo lo o ih ibo ira h m-> h-» ira jo jh *o *m ;ra 

ro ro ro be c. ,ra >o ira ,h ,o ,bo rH rH ibo h ira ico ." ."" 

bo o ra ra c q. ' bom * ra t— 1 bouu h u_ 1 ra t— i oq; i m>v-J' bDo'bi»*b0Q'rost _ —.-. 

v-hmmO i+j I eg lo io i-h io uj |M h/ |o |o I® »£ Iff if 'if S 

+J+J+J h ,ra i-h ,ra ,o .ra ,ra ,o ,o <h , bo .o «h iO h h ;ro ;to__-«v :^ ^ ■ v ■»« ■ ^ ;vr ■ m« 

h to o ro l _jlco — lro^ l o_ilrozloo- boo I uq Lp co 1 03 1— I bp> I boo I bo< Ira — I ro i— ajsi+jj bOLuibpOica^: bo<ioo.irot—;rot— :OX:OQ_:bo<H 
bo o ro ro c i bo ico ira ira ira ibo i-h kh io io ira ibo ira h h I-h iM I-h jn ira jra jbp >h :0 h : ra 

-h-h o o n Ira bo o h h ra ra y h ro ra h bo o ra Ih !o Ih !ro !bo !o !ra ira »h ibo ibo ira 

H +j H o t to IbOLUI bOO I b 0 < I-H _J IO _l IhPLUMO I M> f+J LL IO XIO C 31 bD> IMO 1 M< bPQ l O _l I b 0 < l b 0 > U-> >-103 O' ITO I— IO O jra Z j O _J ;D OH j(B CO :(0 

♦i+ssif is? r+i i+i £ is i“ is is. c is e is is is * a b '« « « ■“ ■- - — 


h h ro ro Q lo I bo lo I+j Ibp Lh Io l+j^^bo C lo lw 'ffl o !+-> 

o+J o bo +J 001 bCK I bOO I-H C/51 ro — IbOO1 b0> I-H CO | b0^ | bOO | ra — | ra — |bp< I bOLU |ra st O CL I bp> I tuO> I o ctl 

H ra bp bD+> (0 V lO V V lO ,C (V V ,M V ,p V .o ra j+j -u .bn 

- - ■ Ih I+j Ira_Ira U-* __ Ira_Iq i^ Ibo _ I two _lo _lbo_>p ^ Ih -h (v 


-H O -H G 
bj) bfl-H O 


Ira 


£ IS 

o —lira r 
ra 


fao-H o o_ 1 1 ra ^ | ro —1+-* ll. | ra 

o 0 -h a ra o .m ra 
+j ra-H -h lo lo Ira Ibo 


E l£^l“>,g ; 

IbJJ I bO l+J 


J L >QJJ IQU IU >og 

: l ra ^ | boo i mo M- 1 <Si \ mo i t+oc i m> ra — 
ro o o w) ra ra w « 

lo. lo Ih Ira Ih lo Ira 


bO l-H ira 



Jin. 
1 tt 


jra I o 


o7ibiuj|OQ£,racO|ra(y5|0_J 1 ra K ' f HOO t HLL|ra^: t H_j|Oa.|bOLU -h oo ; bocs; o 

1 b0 1 CuO 1 bO '-H 'O M-* V V ’O W ’O bO bO 

lo _hH ,|o jp_|+i jH.lp^lp^lbpjH |ro_|ra 


s >uj i'S M ir : « J iS < is < i8-'i8' J i£f < iS < rs 0 i3 1> ia x is^a : 

ibo ira ira ibo i-h |ra ira vh., io io ibo io ira |bo M 

'wa moW mo ra- razH^W bw boo H' A '"^ K "- 
I-H lo lo l+j lo lo IbO Ih Ih Ibo lo H-» - 

,b0 I+J ira ibO |bO iO ira ibo-. »H tt-> fH iO fH iO _ o 

KI ra OO 1 b0> 1 MQ 1 b£lO + j O OO- (H^ O < l bll> f ra S 1 ra — tu< '-H _J bOC -H CO 
I bo i bo I bo ira ira Ira |o h-J Ih Ibo |o I+j |o 


bOLU 

o : ra Ibo 

M io t-H 

bOO; b0< ; b0> 


O i bO jO 


ra bi I b()< I hoo 


bO 


i n; 

C'b 


o x! boo !+j co 


.» „ .. rain |ra r*- 1 ,bo jra jra ,ro fH t o f _,ro rH .ra ,pj .ra #h -h 

+j ro -h o*bO>lra^: l ras l + J S: | boujira^: l bOLLi l ra — H- |W J | raz l ras l raz l ra+— 'boo'o—i ra — 
bOO+J-HO | o io |o |ra IO l-H |0 ira io |bo ira |b0 ira |b0 o 

booora-P o o +J bo +J ra bo o_Jh o o y ra ro do •«« ■««„ 

bn+j ra o -h u. I-h oqI bo<c I ra — I ra ce 1 bc> I-h >-1 o cr Ibij^lo _J lbfl< lo cl Ih _i Ira ibOLU o cz. i-h Li_ i ra co i boo 
ro h ra -H -h -H ibc io ibo ibo ira io v ibo in hj io ira ira bn 

- - « *» * - '+j 'o 'ra '-H 'O bo ‘o. O 'o -H J+J -H -h ra 

rlo_Jlbo-<|bOLU|o_iirai— iHOlro^loQ-lrai— Ira— Ih u_|ra — Im> bom 


1 o ra: = 


JlCDf- 

,w 

■ CT! 


ra bora o q bo .wf jo j+J rH ( ra j+J in .o ,ra ,ra 

o-h bo o Qj ra *+j 'o 'ra 'bo ! ra *o 'bO-^s-J 'o *o 

O ra bC-H act: MUJl+J^J|b0C|b0O|0ft:}Wi*C|O£l.|b0'«3|O-J|WH'|Wh 
-I O bO bp bo ,b0 1 +J ,0 |0 fH |0 ,<0 rH K " 

• - ■ bp bD lo lo lo lo >b0 IbO lo IbO 


M ra o 4 


o ra H O -H 

ro bo ra ro o .. 

ra ra bon -h o lo 
ra bo bo bo ro— OQ.,ra 
o o o ro+J H 'ro 

-h ran ro 1 co o |0 


Lh Ibo 


Io I| 
C|oo-iqo o 
i2 


boo I ro I— | ra I— I bOC | bOC i boo I boo | W)X | CO CO || W Z |H O | bpO | b0> (Hj Ll. bOLU 


k 


lO I+J 


O 


"iS^r 


b£|HC/)| b 0 > t ra 


lo Ira^lra Ira lo lo 
i ra i— .ra < .a x .boo .ra h- 
Ira ■br 


r «ir wu v/ iv/ i-^ rr IO |0 |hfl |U).^|W p- ,w n- r ,, a - _ 

ro bOHHlbiO OQ..OO-,b0>,bJ3>.b0<,b0< l bOO.bO^.bOUJ.ro —JraH-.roS,bDO,ra ^ boo 
o ra H ralo io lo 'm If k v v Iv Ira lo Ira «ro lo >o -*- 1 

O bO bO+J'4-J +J |+J |+J |+J I two |0 |+J fH |ro |W |bO [O |H |0 


... I bO lO 

iif Q ts t -i& k “i£f c, c‘'’if > 

JH |o |H |cci |« ra 


b0> b0> b0> boo H CO O J 


Ibo Ira 


Ih Ibo 

iS^i; 


kc;h>-; boo! O Q.' b 0 > !+j]co o_j 


I bO Id 'IH 

,ro y ,ra 

■bDLLi 'd^j'b 


W) fa/) ro bO bUQ bOLU ' O O bOLLI 1 bOO O Q_ O _J bO<C H-i-^'faOLU'o_I H C/5 hOLLl * bOLU dp M 

oh ro ra o o |ra Ira |o |ro |ra |bo jo |h |ro |o |m |o iq/ |ro 
hcroraHH ra ,h .o ,o ,ro .h ,o ,h rH .ro ,o H-’ — f* - ' y i 
ran ro bo bd> H>- | bo> | fai)< | bO< | ro^ | H_i | bo<lo'~J I o_J | ocJ | roi—irosiro —'ro —<ro 


bO 


| O | bO |bfl |bo |+J |+J 


. . • ra bo o 

bp O O H +J \J , 1 - ,-r- . w -T- ,T- ,-r- 

boro ran ra— rai— lHU_lrasiroiClH_jlbp>Io_ 

q -h ra ra p -h ira | o | o |H |H jH 


|W |0 | bp |0 |H |(5 |V |0 

ra ro !o o ra sp ro ra 

I bPLU Ih >- Ih co I bo< I bpo I boo I bpo Ih >- 

ira |0 |0 |+J l+J rH |h 0 .ro »H fH »H fH |bO »H 

ra bo o ra h h 'op 'bp 'o 'h h 'h 'o 'ra 'o 'h 'ra 'bp 'o 

bObOH O ra— 0 _l|OQC|bPOlroH-|bP>|ra —IbOXroi—IbOLUlra —|bO<|bP>|bOO|HS|OCL 
H ra bp bon H ,ra i+j ibo ,ra ,bo ,+j ,h .o .o .ra ,ra ,ra .hp ,ro 

ro +j h bo ra h 'h 'ro 'ro 'bp 'ra 4 -> *o U-> 'o 4 j 'ra >ro 'bp ibo 

bO O o bO bPQ 0 _l|bP>iraZira^|bPO|ro^:| 0 _l| 0 Q-|ro — |OQ_|bP>|bPLU|bPLUfH S |0 O' 

ra O OH ra ra h ,0 bo bo .bo +j o h ra h ,bo o ,ra h 

ro ra o ra ra bp IbP Ih Io Ih Ira lo IbP Ira Ira lo Ira Ih Ibp Ibo 

bp+JH O bPLU OCEibPOiro — |bPC|H_l|rabi:|bP-<|rac/D|bPO|ra^ibP<|bPLU|O_J|bPO|b 0 O 
ra o ra o bp h 'ra o 'bp h ra bp o h bo o h ro bp h 

ra bp ra h ra o Ibp (h |o Ira Ira Ibo lo Ih Ibo ^ Ih Ira lo Ih 

bPH ran raoa.,roocHLi., hoo.ox, robt:,roQC,hP< l bp>.boc 3 .o_i.ro — ,boLu.pQ_,o_i 
+j+j o ra bo ra 'bp 'ro 'o 'bo >ro 'o >h h h 'ro h >h ‘bo h 

ra o o bP bO o |H |ro |bP |hP |bfi |co |co |hp |bP |C^ jo |W> |b 0 *• ’ 


H bon ra bdo rai— ra 
h h ra o ra ro Ih 
< 0 O H bOH O |H 




ira fH jc 


ro o ro h op cj h 'u ■»« to ro o ’ro 'O l O -au '+-' 

H O bPbPOQC bp<|b 0 >|raf— | CO | bPLU | TO ^ |H CO |TO it! |H CO |C 01 — | TO 001 TO — |H ^ |H 


■ Sjl 


'O 




, bpuj, bpo. ro cl. . ro cc. ra ,w. 
lo Ira <h lw Ih Imp 

_ _ . _ ibPiH |0 |b 0 |O fH , 

H COH bOH —J HOT HLl OOC O —I b 0 < bOC 3 H co Jh —lira Z‘b 0 > Jh 
hhhhh o Ih Imp Ira Ibp Ih lo lo Ira Ih Ih 

H MO OH bO ,0 iH iH H .CO ,H .W _ iO rH .' 

H ra h h ra— roco ro h- 1 bo > 1 bp>' h_i' boo 1 ro — 1 boQ'bp<'o_i 1 -... ... 

bp ra o boro bp iro |h ira |ro |h ih jo |h H-* |bq |bo |o b 4 . 

H o bOH ra o o o h ro ro .bo bo bo cm .O a-> M .O 

H O bOH bOLU HCOlbO<IOQ_lro —IbPLulrozIroCOlbDCjloQ:loQ:lbd<lHC/>lbp>lfcaolhO< 

bo ra h ro h ro iro iro ira ira ibo ibo h ira ibo i~ - 

cocohoh ra o h bo o ra ra bo h h g, 

h ro o o ro— ro I bc«t I o _i I ra oc I bp<c I ra ^ I ro it: I bocD I o _J I o _i Ih 
ro ra o ro bo o ,h io .ro .ra .bo ,ro .bo ,bo h . 

O (0 H bp fi 'jj 1 o 'ra 'ra 'ra 'o 'ro 'o *o ' 


iO 

K^lbOC 

■S 


^0lbpo|bp^3lbJ)>lH& 

ig c t ti 


k 




i bo 


Iro Ira Ibo Ibp Ira Ih Io lo Iro. Iro fU 

J | (0 St: | bPQ j bOO [bPC 3 |b 0 CS |bp> |bp< JO O. |TO k |bPUJ |bPC 3 


O |hP< 


bOH HHbP 

ro h t»o ra o 

HHH bP TOH bOC |H >-1 -- ---------.... ... 

h ra h bp o h o ra ra bp o ro ro o bp h o ,v/ .t- 

OH ran O h Ibp Ih Ih Ih Ih lo Iro Ih lo Ira lo lo Ibo lo 

bPbPO bp O Q_ O—lifaPCDiO—liCO —|faP>|bP>|OQ_,OOibP>,OQ-|bPQ l OCL|faPX|OCt .hp< 

H H bp TO H CO 'H 'H 'H 'bp 'O '<0 H '(0 H i+j '+j C+j 'bP 'hP 

bPHH ro ra O |H IH |C 0 |H |bP |0 |H IH |TO |bp |bp fH |(0 |0 

h ro o ro raz bp<,ro — l HU. l bOQ.roS|bocj | oQ-,bo> r H_J 1 roz 1 roco l bPC 3 l O'U,bPLU l rai 
o h oh ro bp Ibp 'ra 'ra 'ro 'bp 'ra >h 'ra >bp Imp Ih ico 'ra 4 j 

bon o ro ra co ih |faP ibp ibp |H io ibp io iro ira io ira. |ra |0 

(OH bo o bPLU bPLU (OS OQCOQCbPO.COS COH HO OQ. cost: bPUJ. rot— bP^J. bPLU <01 
bp ra o hih o Ih Ibp lo Ih Imp Ibp Io Ih Ih Ih Ibp Ih Io Ibo 

HH bPCOH H |CO |H H |H i CO |H fH ibp .O fH fH |(CV.fH |(0 

bp bPH TO HU_ HU-'bPO H—l'ra —'ro— rast l bP> l O_J bPO'bXK'bP> bP>'b^ ra— ra: 

ra ra h oh o Ih Ih Ira H Ibo |bo |bo |h |o Ira lo |bi lo Ira 

bPH bon o o ,bo ,ra i o ,o ,ro ,ra ,h rH ,ra rH ,o ,ro. y .bp 

H (0 ra ro ro>—H C/ 3 'bOO'bPCS'OQ_ ! bP<‘bPLU'bPLU'bp>'ra — CH>-'bP>'raH'rc ^C'O-J'bOCJ 
O bo ra bora bP !H |<0 IO | 8 ! |0 |t) |(0 IH IH IH 1+1 |M |V I+J 

bO bO O O O ra H ,H .bp H ,H ,H .(0 .O O W .O H . H O 

H (OH bP COH ool ro — 1(0 — lbOOlbP>lH_|lbP>lbPLUlOQ.IOQ_lH>-lraHlra^lbP>lbP< 

H bp O OH ra IO IO i (0 |H 1(0 |H fH 1(0 fH |bp fH HP lO |(0 

bora ra ro o to h ro h o h ra ho bp o ro o |bo 

ro bOH OHW O OI bp> IH >- |H —I I bPC IO —I I CO ZI bOC 31 (0 Ct I bDC I bOLU |H C/ 31 faJ IO Q- | bOC 3 

h h co ra ra o ,ro .a ,ro .ra ,ra ,bo ,bo fH ,o .ro rH ,ra .bp .0 ... 

bP CO H H bp H ' bO 'H 1 bP '(0 'H H 'O H 'bP '(0 'TO 'TO.'CO 'bP H | TO ' bO 4 

bPHH C bPO HU_|bPC 3|(0 —|(OQ£|bPLU|bP>|H_l|bP<|bp>LHO|bOUJ|H>-|cC : <|0 0 |OQi l O'^|H>-|OCC: C 

bora ro b boi h ,ra ,ra ra .ra ,0 h Jh .to bp Jh h a ,o .bo 

bP bo (0 4- Hh O 'bO IbO 'O 'bD l<0 IQ 1(0 1(0 Ih Io 1(0 Ih 'bO Ih 

H OH 4- rate bp< I bPO I (0IX | TO HI bPO |MQ (OH | bPQ |(0 St |(0 S |0 Q-1 bPQ) TO j(0 CO j^O 

Ira Ih 


h bo ro C bp 
o ra ra « ro 
ra bo o +• ra 
H H O O O 
H H (0 O H 
O bO CO H bD 
H H bOH <0 
bo ro ro o ra 
(0 H O H O 
(0 O (0 OH 
bOH HH M 
bOH H O bP 
H (0 (0 O TO 
H (0 H O H 
O H H H H 
(0 bPH O bO 

ra h ra ra ra 

H O H H bP 
O bOH H H 
bOH ra bp o 

H bp H bP bP 
bPH bP O bP 

h h ra ra ra 
ran bpo o 

(0 (0 bp o bO 
bO TO bD O O 

ro o ra o h 

H O H H O 
HH O H bD 

o ra ra o ra 

H O (0 O hfl 

bpH bo ra o 
bon ra h h 
H (0 H <0 o 
bp ra bo ro h 
H (0 H o ra 
H O H H O 
bOH HH bP 

ra bon o ra 
mo ran ro 
bon h ra ra 
O bP O O O 
ro ra bp ro h 
h a ra ro h 
ro bo ra o o 
bo o ro o o 
(0 O bOH o 

h ra ra bp ro 
ra o ra ro ra 

bPH bO CO hp 

ra o bp ra o 
ra o h h ro 

O H bO bp bp 
O H (0 H TO 

0510 —HO 
'tr-Obin 
r-io^CM | 


I bp Ira lo k 


'bp ' 


Ih k 


O Q., bDC 3 |GO|HCO|OI| bp> | bPLU, bPLU 

I lw. I- 


Iro lo |bo_ lo Ibo 


■ OULU .TO 2|U_I. 

'bP 'ra 'o ' 


H (H lo | bp |+j io IO |bO |b 0 H |TO 

b 0 > .H-JiOQ-.HO.O —J. O Q_ , O Q_ H 3 “-- ‘ " 

O l-H 'ra lo IbP H I CO CO 


OU ft-- I TO I TO Ws. |U — 

o q: ,o _i ,ra it ( o o.ro < ,bp< .ro 


.o^ ibOC.bPCS 
V If 'o 
ira^lofH 


Ih lo lo lo lo Ira 

l < ®_l , 0 _l +J |M |H O IO IO i (0 fH |bO CN fH fH 

H>- bpC OO MQ bp> HO bP> bP< bP< HCO H >- bP> H v 5 b 0 > <0 

o Ih Ibo Ira Ira Ira lo o Ih Ibo Ih Ira Ira Ih lo 

H |H |W> |0 ,ra |H ~ - “ 

o_i' ra — 'hs'idh'oo'o 


|U 

'ff 


_I2 


H |ra I+- 

O iH ,4- 

o a. I ra — '+■ 




rH 


I (0 St: bP>: bOC: bPO }H J H 


jO JO 


|0 


, u ro Ih 4 -J :0 :(0 jO H :m« 

ro x: y >- »h ll. y Ll. ! hoc !h >- • bo<! bo> l o 

bO -H H H |(0 iO »H ibO iO 

V id IM IH 'M V (O :<0 :(0 

o_j;ox;bPC 3 :o_i!bPC 3 !ro —!OQ.!bpLUlH 
ro Jra !o Ih iro iH H-* iM iho 

O iro 1(0 io H :0 H H :(0 

b 0 <;OO:( 0 Z:( 0 Hi (0 —'b 0 <i (0 —IO—MH 
bP |h '(0 'O H-J >H ;bp ;(0 |(0 

ro »h »h ro 'h lo lo Ibo Iho 

bPLU Ih Lu Io _l! (0 Z i bp> ibO< I (0 HI boo io 
(0 IbO IO io :bp =G H H :b 0 

' jh ;ra Ira Ibo |bo lo Ibp 


bpuj Ih 3 


;bP ;bp 


iO 


O X JbOC 3 'O OJO _J bP>:bO< 
- |H ibD (0 'ra 

_ _ !bp !o o io 

bP-<lbPOlraOlbO< bp< :( 0 t— 
jH jO jbp }H H IH 

■o !<o Jh !o ra ;bp 

bP<iroZlO_llOO_ bPO:bPO: 
o :bp ;ra :<o o '<a i 

t- w .ra Jra *ra 'o o : .bp 

(0 —|<OStibP<|bPO|CO^|ra^iHCO (OHlbOO; 

^ 'bQ .bo :<o h io 

O 'bO IbO 'bO H (O 

OCLjHSj bPO J O CC bO>!bO< 

ri >Kn »bp bO 


1(0 Ibp H-J IO 10 IO O :b 0 


bO 1(0 H 
O lO i bP 
bp<:bP<H 
.O IH IO 
iV (H IM 

? bp>'bp>!ra 
O ibP io 

IO tbp ;bP 
bC< |h 3 slbP 
H iO i bO 
O -bO ((0 
O Q_ I bPCJ 3 Ih 


ra ,o^ 

J ;H >- 0 Q- 

'(0 1(0 


(OCOfHU-JHCOrrai—HCO HCO>bOO»OQ.»bO<rH 
H Jo bO H ro O :0 H }H :(0 

r 5 .Wl u_> rn L-. fra JbO 


bPLU 1(0 2 
O |H 
O ' bO 
O a_ I (0 C /31 bP< 

bo ;o ;<o 


ZjHC 
' ra 


bP^jHLLjC 
ra • bP '< 
i| 






bp 


bPLU (CO 3 


b 0>-0 0 bOOi (0 — 

'O 'O O (O 

ibp :o h Ih 

_ JbooJnco O_Jjb 0 > 

(0 1(0 IbP IO H :0 

bP | bP JH JH H *H 

boo! bocs! COS Jra— 0 _J: 0 _l 
bO |(0 lO H - 1 ro V 

ra ;<o ;<o -o o io 

OO'OO'razlOQ- OQ-:bP< 

|h fH Ira rH ra Ih 

JbO Jo H Jo H iO 

irocoioo. iro — iro i— ro — :0 o. 

rH H JO rH O IO 

H Jra _ Jo JbO H ;0 

bP> I bpQi | bP< I bOO ro — HCO 
ra JH ;C H O H 

o ra. if i+j ra co -vj -to 

rat—iO't ra —fHU_ boo!OQ-! hco!o_j!ox 
ro H IbP H o H 

bp iTOs-lH . 

OQriO-tfH 

bP !co 'bn 


Jbp 


OCOiOQ-ibO 
:H 

jra 


H 


bp ra ro o 
h h o ro 
bo ra o h 
o ra a o 
h o o bo 
o h ra H 
bo o ra bo 
H H o H 
o o o o 
H H o O 
ra bo ro co 

H (0 H H 

ra o ra bo 
h h o ra 
o ra o ra 

H H O O 
+j bo (0 H 
bo ra H H 
o H (0 (0 

bO (0 (0 H 
ra H H H 
h ra ra o 
H ra O H 
H H O H 
H bOH O 
H ra H (0 
H H O H 

o ra H H 
H ra H (0 
H bOH (0 

ra h o ra 

H H O H 

H ra (0 H 
bPH o ra 
RJ hOH H 
ra h h bo 
ra ro h ra 
bo ra ro o 
bo ra o ra 

ra bOH H 

bpH ra ra 
h ra a ra 
bo ra o o 

+JHOM 


ibooH * ra bo o ra 
era h h ra h h 
J ra Jbo ra h ro ra 

ibOLUrHO bo (0 H O 

•bp Jra ra bon h 

IO IH o H (0 H 

;bP-C-b 0 > H O (0 H 

Jbp Jh h h h h 

C-i in o H bp o 

•H Ll. bp (0 bOH 
JO H H (0 bP 
O jbO ;0 H H H bP 

rai— :<oa::<oi— ra ohh 

O >M 1(0 ra H H o 

o jh :o o ra o ra 

bocIras'oa. bo bo ra ra 
bo io in ra h ra ra 


»t- lo.io ira ra ra 

;bP>jH^ / S;OQ-'H>- rostibOQ 

Jh Jh Jo Jh ro :o 

I.v._|U | 0_,0 fH h Ih 

bpCQlHS'b"^'l'" 1 — !K "^ r f " 1 —-* 

H jH jb 

bO^'oQ.loa-JHU-Jro-JbPQ^W UQ-jOQ. 

O 1(0 IbO HJ IO H-* Ibo H IbO 

bp r ^ra ;H_^fH ;h :ro ;ra h io 

bo^ ra^'rosjro — !ra s !ox!rat ra-vtp 
H |0 | (0 I (0 I (0 fH |(0 H Jra 

bP bO -O H 'bO 'O 'O O SO 

'H'OI (0 I— 'b 0 >I (0 ^ 1 bP<IO Q_ (Ok:OH 
O jo jo rH jbO jro JbO H Ibp 

o 'bo !h ,!o 'o r#N lo ! 

^ IO CX IO —110 Q. H-> < 01 b 0 < I 
H ;h ;o ;ra ;o ;bo ;ro h ih io 

:H. !o !o y Ih, !o Jh o era h 

|H k. |H a>)H W fH _J H - 1 ^ |b 0 < |(0 — h co lo x Jra— 
b 'O ;H H ;(0 ;b 0 : (0 (0 jH jO 

Hw (0 'H 1(0 bO. I+j 1(0 O :Q :(0 

b ^ H>-jbD>jOX bO^SjroSjbOLU bPCHCOiroz 

+j ! o Ih Ih Jra Jbp Jro h :ra ;0 

CCw^'H IH H-J 1 ( 0 . IO Ibo bP Jo Jh 

_.... ., o : bo> ;h u_ ; bp>; ro k; ro I—; bees bPC 3 ibP<iHLi_ 

^ 'bo 'bo !b !ra !o Jbo !+j !m Jh h =o :o 

|bP |H fH IO 1(0 fH bO JO JO H- ;w» wj'- 

CC k;bPCJ;HU_-b 0 >;b 0 X;raSt;O_J bOC 3 jHCOH J COfH_lj( 0 St H <0 

b bP 1(0 ro 'bP 'bO 'o O :b 0 ;(0 :b 0 jH (0 H 

CC i. pH jo ^ o 1 ( 0 . jro Jo H H - 1 JO fH •* h/> 

b Vj. cosh co HCoIbpyjJro^lrot— HLi. ro s jHC/ 3 >H 
ctr ibp ibp ro io H-J ibo h lo Jh 'h 

°r\ i -* -1 M jOi fH jO ro y lO 

o^JrosJoo roo:!ro K 'jHU_!HV 3 boo-o—i-OQ. 
bo ih iro m ih ira |M ra lo lo 

<0 *<0 : 0 ^. H fH. -ro H O iO fH 

o GS; bPO- OQ- HJ {bp—'cost 1 +J_I oa+JW.+Jli. 

0 ibp 1 co h ira ira }h h »o i« 

ro_ .ro ro ra -ro. "o -o o Iro :o 

bpQi I bPLU I CO St OXlbpCjJIbDOroi— bP<IOXHCO 

fH jH j o ro jbo jh ;ro ;o »h 

If 4 !+/ Iro o !to_!h !u Jbo =o 

I b 0 >I CO Z blKlO'OlO-Jl+JWlOtrKO 


bo OH bPH 
o :u :(0 ra H H ra 
rot—ioQ.i(o^: h-hh o 
O jo jo bOH H <0 

0 Jo Jro ra ra h o 

rat—irat—ibocs ra ra ro h 
o era cbp ra bo o o 

bo ira Ih ra ra h h 

(owiooiraz bpH ra ra 
ra h Jra ra mh h 

o 10 ira ra h ra ra 

oo-HC/ijrast ran ro ro 
o 'co !<o ro ra bo o 

‘o io ra h ro <0 

O Q. jH C /3 bP O (0 O 
ra Ih ro o <0 bp 

ro JH H H bOH 

COSt:bO> h H H H 
O ICO ro H H H 

CO fH H O O H 

' !o_ 1 <0 H H H 

(0 in bpH o ra 

o cbo co ra ra ra 

bp<!oct ra H o ra 
bo iH ra h h ra 
H Sra H H H (0 
ra s+h >- ra <0 <0 bp 

bo jra h ra h h 

ro Jh h mh h 

bOLUiro — H H bP (0 
bo Cbp bP o H O 

Ih ro bp m ro ro 

.. - - bp O 

H (0 


o^; 


O CL: bPLU bp>;bpUj 1 .v 

co |o h Jh Jh :o :ro 

»v v 1 bo 1 co_ bo i<o_ ico io iro •«u 

CO^C'OCt.bPQ COC/ 3 ;bpGS■ bPQ■ bp<■ OOjHSe 

ro lh lh bo ih ira ih i<o Jo 

‘ “ in “ —.. 


o-^Jl 


faflQ 


Ih c /3 Ibp> !bp> I S'Aj I+J W ^h U- 

. IO |(0 ira |bP | bP IO 

IrazloQ-lra^loQ. ro t— I mo lfao> I faco Iro^lrok^j^fro — 

10 iro |bP Ibp Ibo I CO bo IH fH ira fH fH 1(0 |Q 

v/ h o ra o bo bo o o ra ra bp h.h o — 

h c/ 31 bp>! bo< I ra I ra 1 — I boo I ra et bo< Ico i— Ih>-IooIhoI bp-^ I np> Ih c /3 lh 
O ibo +H iO |M i (0 |H H fH i (0 i (0 i (0 fH iO ibO ;<0 

H 'o 1 bP 'o H 'o '+j bP V 'ra 'o 'bP 'bp. 'bP 'ra Ira, 

O _l|H C /3 | bP CD I bPC | O_ 11 bp< | bP> bPCD | O —J | O O | O Q. | bPO | O C< | (0 C /3 | TO St 1 bp'j-J 

H iH |H ,ra ,0 |bfl ,bP H fH fH ,ra .bO ,hP .O H H 

ra 'ra 'h 'bp 'h 'o 'ra m v 'o + >o 'ra h *ra o 

raziMQibp>-ioQ:ira—irat—ibPLu bpcuira —tHcoira —irat—loOfHLi-ibPCi bo^ 

O bp bO H « O O H O (0 H <0 O H ra o 

o Ibp Ih Ih lo Ih Ih h Io Io Ira lo Iro Ibo lo o 

< 01 —iTOCtiH — 11 (0 — I bOC | O_ 11 b 0 > O—liTOt— f+ 4 C/ 3 iOX|OQ-|(OZ|(OC/ 3 |OQ. bO^ 

h 'ro 'h 'ro 'ra 'bo 'bo bo 'h 'd 'o 'ra 'o bo 'ra m 

lo Ira |o iro Ira |o ra lo W Ira Ira |o Ih Ih 


bPQ 


1 ro z 1 ro 1—1 oulu 1 n 

1 bO 'h 'h ' b 


o I bo iro 10 ih ira ira M iro id 

rai— HO.rost rai— hu. oo.mq bocs ra^e a 
o Iro 'ro Ibp Iro Ih Ih h Ico I 

" y . 


CO St H C/3 (OSt r HC/3|bi|> f H 

- Iq h 'bO Id Ih 

|d (H 

Ih^Ih 

. |H iO H lO |“ 

bp<c ra — h c/3 ra— rat— ' 
lo Ira ra Ira Ira 

|H I TO I bO |H O .O IO . TO | . 

'(0 — 'OX'OCt'H_l H C /3 H C /31 bCK ■ bPLU ' bPQ 

155 1*2 IJ^ +t IJ? Id l« l*j 


St ■ bOC 1 CO m 


Ibp- 

fH IO IO 

! ro —. bp<. ra i— h Ll. 
Iro Ibo Iro o 

i (0 fH ibO fH lO 

OX M> MO M> OQ.+JLL 
IbP fH IbO lO IO H 

iM fH ro 

Qi'oct'ro— bOQ 

ft IS, ■ 


1(0 |M I+J lO fH IO H lO 

• 1 o C 3 bpen 1 m * 1 hn << 1 m — 'j_i trs m_ 1 

O IO IM 

H ,W rH 

O J 1 O XH 

O |M |H ...... 

H .0 ,0 H ,bO .ro ,H O .O r+U .bp rH rH .(0 ,bp bO 

bp> Ih c/ 31 o Q. I o _j I mo I ra I bp> 1 ra i— I bp< iU zj I bpo Ico — Iro — I o x I boo h ■ 
■H ibp |M l+J |H 10 io |H |(0 f— ibP Ibp ibP fH fH 

ro h O ro h ra h h o ra o o ro ro h «« 

h>-Ih —lira)— Iroziro — I bocs I bo> I o _i Ih co Iro z Ira 1 — lbo<C Ira st tbpo Ira — bpo 
o I bP iH I bo | ra I ra ,ra ,bP h iO .bO H rH iO i (0 bP 

o 'h 'ra 'o 'o 'o 'bo h 'o h-j 'ro i+j ( o 'ra 'ro ra 

( 01 — I ra S | MQ I bX |H O! b 0 < |( 0 Ct|roS|OQ _|(0 — lOOfHU-frai—I bOO (cost cost 
H , bP .0 ,H .0 ,H ,0 ,0 ,bP .0 ,b 0 ,<0 bP .O TO bP 

o 1 bo 'h 'ra iro h hj +j 'ra 'ra 'o 'm Io 'ra Iro o 

h OfH^ira — I razi o XjO —lira — ih u_ iro st iboo fH</ 31 ooe I TO t— tH >- |(OSt H C /3 
ra o .ra H +j h TO bp o H [ra h o h o ra 

O Ira lo Ira Ibo lo lo Ira Ibo Ibo Ibo lo Ifac Ibo Ibo bo 

H C/ 31 bpo I bPC I boo 1 boo UtPUCPi bPLU tH 01 bOO lOCt 1 b 0 < ,bOO H O |( 0 CO (OCt 


bo<jco: 


Jh o bo Jh 5 h 

- io ^ ibp< .ra oe pro — ira s 

TO h h -o : o jra 

ra i+j i+-> in i+j Jbo 

! OOiO-^lfHLujro —jbO>ibOO 
H JbP Jo JbP Jh H 

1 ( 0 . ICO ICO ICO !h 

'■ -:;bPLU;bPOjO_l 


.. , iO. ira io |h ira m-» 

I— ,H Ll. h _I Jo Qw JbPLU JbOC JbO> :bPO :o _ 

. IO IH IH IO JO 

rH. jh ;o ;<o jO 

IfLLlra — Jh C /3 JbOO :< 01 - 


bOO'H—J bOOlfaP^'ro C/ 3 I 0 . 

!» rti ti Iji is? jM 


•O :TO 
J bP<c !<0 2 
fH ibP 


ra—ira c /3 rai— iroXcostiooiboXMLU 
o :bo o ;ra ;o ;o :o iH 

bO 'ra bO Jra. Jo JbP JbP 'bp 

OCtjCOSt boo I bpGJ (bP< I bpo IO X' bPO 
H ; (0 (0 jbp h j+j jh jH 

h m o Jh 0 *0 Jra 

O — 1 1 bpO OQ.fH'UiHCOiOQ.ibPOibO 
H lO H -O IbP -bP -H 'H 

(0 IO H 1(0 _ IbO IO IO !H 

;h>-;hoo ra —jbpQjbpojbocirai—; o_i 
Jh h ra Jo Jh Jra Jra h 

iM h tH 10 iro 


(0 ^; boo; (0 "■’*; MO j (0 — j bP> j bOC j bPLU j O CC • bP> 

0 Jbo 'o 'h Jh Jh Jro Jbo !h 

ih |( 0 w .ra 1 to in jra iH io 

ro s o < I ro z h >- Io _i Jro st -o _J :o cl 


ih im 

jH jeo^wjo 

'bp>!o^!rat- 

bP 1 bp 10 


1(0 Ibp lo Ira 

;<o ;ro ;h jbo ;o 

! bom! ra st Jh u_! ra oe: o Q. 
10 10 ira 


ooIo^JIhcoJco — Ico— oclJhc/j!' 

bP ,0 |H |0 iO ibP fH 

ra Hi ; o -bo |h h ra 

bPLU Ih *< 'H c/ 31 bPO Ira — Ih _l Ih 
ra jbp jra jbo jh ira ira 

o !bp_ !o Jh Jra Jo Jho 

irai-ifflUioaico: 

;q ;h jbp 


;o 


■a 

■TO 

!bDC 3 


o 


I boo H-J C /3 IO QC IQ Q_ M-J OO 

;ra :bo h -bo 
-w ,vr_,w ,to Jbo Jo Jra Jo 

bOO 1 bO” | bOO |C 0 St |bDO|OQ. lOXirat— 

CO ;0 ;b 0 -ra H jO H H 

bp l+j ica h iro ira lo !o 

o et jH j bOLU jbO> i+J >-jo X jo Q. iO CL 


IbO Jo .. 

ra iro ih 10 ira 10 tH h 
o x: boo; o_ 1 : boc :oouw+JJira — 


ract.-boo bOl 


oo'ra 


lH 


H o (0 H 
hfi ra O H 
O ( 


ibO 


ra h 


H H 


bo 


' (0 + 


OQC!bO>!o HH PO 
m jbo :o ro h Mh 

H ;(0 Ibp+J bOH H 
rai'OONJ bOH H ra 
'-" 


OXi( 


— LO 


IO 05 CO 


CO CO 


00 CO CO 


LO 05 CO 


CO LO CO CO 


CO IO CO 
CL CO LO 


■o 3 


</> a> 


6 c 




- od_t 


bOH co 


h o ra 

bOH bP 
+J H H O H 

cost Jo _l bo ra -H s « 

ra iH TO H + J M O 

bo !h bp ra o oh 

MOULLHH ra (OH 
bo jra ra ra o o ra 

ra Jh bon h h ro 
MLUira— ra h n 0 c° 
O :ra o H o O H 

ra fn ra ra +J h 1 

bPO jbp> bp bO ^ to H 

bp jbO H H O M M 

(0 ICO ra O *0 *3 + J 

(OSt:bpLU <0 H ra 0 M 
bO Jo O O +J M (0 

ra ira h o +* + J 

rast+J> h o ra ra ra 
M fH io ov ra M 

ra jbo bpn ra ra h 

bPLU HO H H <-> O (0 

O 1(0 bo bP O bP o 

<0 jH bOH ra (0 H 
ox bp> o h + J ra <0 
ra 10 h o ra ro o 

bp H TO H ra o o 

raoe!o_i o ra M ra o 

bo jO H H ra H O 

H Jh h ra O ra o 

0 _U 0 _J O H + J MH 
bo ;o h ra ra ra o 

h Jra ro o ^ -v o 

o _i 1 o x h h ra ra o 

o 'H h ra o h o 

h h o ro ra o h 

bP>rHUL O co H H CO 
O H L+J (5 H <0 H 

o >o ico h rai ra bo 

bOCjOQ-jH o ( 
o o bo ro c , 

H tH ibOH H 4 

O —I -H Li_ jH H (0 4 

fH !bo !o borajc 

.io q ro + 


rf |U y TO — to 

(01— H_I :<0 H H -H 

ra fH »h co ro ra H 
ra :bP :0 bo ho ra bp 
hnniJracoJo h ro o ra 
fH iro bon ra ra 


CM CM CVJ CVI CM CJ CO CO CO CO CO CO 


Jra Jbp ro h o ra 

H>-ib0H +a o 
w : w -bO H H bP O O 
bP !h0 fbO f+J +j +j ra H 

boo iro c /3 h-j i rH h h ra ro 
O :ro :(0 :b 0 o bo ra O 

H i<0 ibp ibp+j +j O bp 
O_I jbPLU jbPO ;bPH CO O O 

— in oscor^iiio 

y> r-* — 05 ( 0 ^“ — 

M CO C005’-*2'0 

< 0 - 












264 


Journal of Forestry Research, 16(4): 260-264 (2005) 


_Sclerotinia sclerotiorum 
_Neurospora crassa 
Emericelia nidulans 
\_Aspergillus fumigatus 
_ Thanatephonis cucumeris 
_ Schizosaccharomyces pombe 
_ Pneumocystis carinii 
_ Debaryomyces hansenii 
Kluyveromyces lactis 
Candida glabrata 
Saccharomyces cerevisiae 
. Yarrowia lipolytica 

Fig. 5 Phylogenetic analysis of several fungi based on AROM protein 

The alignment of the deduced amino acid sequence of the 
arom gene from S. sclerotiorum by BLASTP also included the 
amino acid sequences of the qut repressors from N. crassa and A. 
nidulans , which were homologous to the three domains at the 
C-terminal of the AROM proteins. This relationship is interest¬ 
ing in both functional and evolutionary terms. The repressor is 
thought to be capable of binding quinate, DHQ and DHS such 
that the binding of any of these would lead to the inactivation of 
the qutR protein. However, in the absence of these metabolites 
the activator of the quinate utilization pathway can’t bring about 
the induction of the enzymes required for quinate catabolism. 
The kinase activity of the qut repressor is thought to be involved 
in the inactivation of the activator (Hawkins et ai. 1991). The 
homology between the qut repressor and AROM suggests an 
evolutionary link between the two genes. 

In conclusion, the homology between the deduced amino add 
sequence from the putative arom gene of S. sclerotiorum and the 
other AROM protein sequences together with the conservation 
of motifs identified as functionally important suggested very 
strongly that the gene encoded a functional AROM protein in 
vivo. However, formal proof that the gene encodes a functional 
protein awaits the expression of the cloned gene in a heterolo¬ 
gous system such as Trichdoma viride or £. coii and enzyme 
assay. 
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